Introduction
Urinary tract infections (UTIs), particularly uncomplicated cystitis in women, are a frequent cause of antibiotic use in the community and hospital settings [1] [2] [3] . Enterobacteriaceae, primarily Escherichia coli, are the main pathogens, responsible for >80% of episodes where a pathogen is identified [4] . Until recently, lower UTIs were commonly treated with fluoroquinolones, resulting in a rapidly increasing prevalence of quinolone-resistant E. coli in many countries [5] . In addition, Enterobacteriaceae that produce extended-spectrum beta-lactamases (ESBL) have become endemic in many parts of the world, including Switzerland [6] [7] [8] . Recent guidelines (including Swiss guidelines) on UTI now recommend nitrofurantoin and fosfomycin as first-line options for lower UTI in women and discourage the use of quinolones for acute cystitis because of their potential collateral damage in terms of the selection of drugresistant organisms [9] . Nitrofurantoin and fosfomycin continue to have good activity against most E. coli isolates, including ESBL producers, and have a smaller ecologic impact than the fluoroquinolones [10] [11] [12] . We examined antibiotic resistance trends and assessed whether an increase in resistance to the newly recommended agents or a decrease in quinolone resistance had occurred in Switzerland between 2009 and 2016.
Methods
Antibiotic resistance data for urinary isolates from adult patients (>15 years) for E. coli, Klebsiella pneumoniae and Proteus mirabilis were obtained from the ANRESIS database. ANRESIS (the Swiss Centre for Antibiotic Resistance) is the national surveillance system that collects antibiotic resistance data from routinely collected samples from a selection of microbiology laboratories. These laboratories are distributed homogeneously across Switzerland and represent at least 70% of the annual hospitalisation days and at least 30% of Swiss practitioners [13] [14] [15] .
For the present analysis we only used data collected by the 11 laboratories that provided data on at least 200 urinary samples per year for the entire study period (2009 to 2016) . Only the first isolate per patient per year was included, unless the same patient had multiple isolates from the same year but with different resistance patterns. Isolates that grew >1 pathogen were also included. Antimicrobial susceptibility testing was performed according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI) or the European Committee on Antimicrobial Susceptibility Testing (EUCAST) [16, 17] . Most laboratories switched from CLSI to EUCAST breakpoints between 2011 and 2013 (Enterobacteriaceae CLSI and EUCAST cut-offs at the time of the switch are reported for selected antibiotics in table 1). Isolates with intermediate susceptibilities were considered resistant. An isolate with intermediate or full resistance to an antibiotic was considered resistant to the antibiotic's entire class.
Isolates resistant to at least one 3rd/4 th -generation cephalosporin are often used as surrogates for ESBL producers [18] (data regarding the confirmation of ESBL production was not available, and the data are therefore most likely an overestimation of ESBL prevalence since other mechanisms of resistance may cause resistance to 3rd/ 4 th -generation cephalosporins) [6] .
Results were stratified by setting ("inpatients" versus "outpatients", i.e. isolates from patients having consulted a general practitioner (GP) versus isolates from patients in emergency departments and outpatient clinics within hospitals), age (<65 or ≥65 years) and sex. All data were analysed using Stata v15 (StataCorp, College Station, TX, USA). We reported the proportions (%) of antibiotic-resistant isolates in the first and last year of the study period and analysed the time trends between 2009 and 2016 with the χ 2 test. We also tested differences between the proportions in various subgroups (e.g. inpatients versus outpatients, males versus females) using the z test. A two-sided p value of <0.05 was considered statistically significant.
Results
The database included 246,656 E. coli (83.0%), 32,757 K. pneumoniae (11.0%) and 17,787 (6.0%) P. mirabilis urinary isolates from 233,746 patients. The basic characteristics of the study population are described in table 2. 238,403 (80.2%) isolates were from female patients. The median age was 65 years (interquartile range [IQR] 40-80), and male patients were older than female patients (mean age 65.7 years versus 57.2 years, p <0.01).
Most samples were collected in an outpatient setting (GPs 47.6% and outpatient clinics 21.8%). E. coli remained the most frequently identified pathogen in all years (range 82.2-83.9%) in both community (84.7% in isolates from outpatient clinics and 85.6% in those from GPs) and hospital (77.7%) isolates. The key findings are presented in figures 1-3 and tables 3 and 4.
Escherichia coli
High susceptibility to nitrofurantoin and fosfomycin were consistently observed, with overall annual proportions of resistant isolates <5% and <2% respectively, across all set- In 2016, proportions of resistant isolates were higher among men than women for all antibiotics investigated. Fosfomycin was the only exception (27.5% versus 17.5% for quinolones, 25.0% versus 20.5% for cotrimoxazole, 9.1% versus 4.5% for 3rd/4th generation cephalosporins, 1.1% versus 0.7% for nitrofurantoin). Isolates from patients aged ≥65 years and from inpatients were more resistant for all antibiotic classes investigated (table 4) .
Klebsiella pneumoniae
Overall, cotrimoxazole and quinolone resistance remained low, ranging from 10-11% and 4-11% of all K. pneumoniae isolates respectively, although the prevalence of quinolone-resistant isolates more than doubled from 2009 to 2016 (4.5% to 11.4%, p <0.001). 
Discussion
This retrospective study describes resistance patterns for a large number of urinary samples collected from inpatients and outpatients across Switzerland from 2009 to 2016, with a focus on those antibiotic classes commonly used to treat UTI. Although many studies have already described increasing resistance rates in urinary isolates, Swiss data are limited either to single centre studies or to studies focusing on resistance to single antibiotic classes [19] . Moreover, to the best of our knowledge, no data on Swiss samples collected after 2011 have been published. This reflects a lack of information concerning the impact of the most recent IDSA/ESCMID (2010) [9] and Swiss (2014) [20] guidelines, which recommend antibiotics with high efficacy but "minimal resistance and propensity for collateral damage", such as nitrofurantoin and fosfomycin, for uncomplicated cystitis, reserving quinolones for upper UTI.
Moreover, while cotrimoxazole is discouraged by IDSA/ ESCMID guidelines in settings where resistance prevalence exceeds 20% (without stating a clear rationale for this cut-off), it is mentioned together with fosfomycin and nitrofurantoin as a first-choice option in the Swiss guidelines.
In this study we were able to analyse data on resistance to the more frequently prescribed antibiotics for UTI provided by a large national surveillance program. The most important finding of this study was the low resistance (<5%) of E. coli isolates to both nitrofurantoin and fosfomycin during the whole study period. Interestingly, resistance to nitrofurantoin showed a statistically significant decrease over time for E. coli isolates, from 4.1% in 2009 to 0.8% in 2016, although this was likely due to the switch from the CLSI to the EUCAST breakpoints. Resistance to fosfomycin increased slightly from 1.1% in 2009 to 1.3% in 2016.
This may be explained in part by a higher uptake of fosfomycin by GPs. In fact, in Switzerland between 2013 and 2017 (so going beyond the study period), fosfomycin use in the outpatient setting went up from 0.03 to 0.04 defined daily doses (DDD) per 1000 inhabitants per day, while nitrofurantoin use went down from 0.23 to 0.20 DDD per 1000 inhabitants per day (unpublished data). This is despite a recent study proving that nitrofurantoin is superior to fosfomycin for both clinical and bacteriological response in women treated for uncomplicated UTI [4] .
Low proportions of isolates resistant to nitrofurantoin and fosfomycin were confirmed in samples from both inpatient and outpatient settings and in all patient age and sex categories. For nitrofurantoin, our results were similar to those previously reported in a study investigating resistance trends in urinary isolates collected at the University Hospital of Basel, Switzerland until 2007 [5] . On the other hand, even though the use of quinolones has been discouraged for the treatment of uncomplicated lower UTI in international guidelines since 2010 (no Swiss guidelines were available before 2014), E. coli resistance to quinolones increased over time and reached 19.3% in 2016. This increase was statistically significant and observed for both inpatient and outpatient isolates. Moreover, it reached 22.9% in patients aged >65 years.
E. coli resistance to 3rd-and 4th-generation cephalosporins increased over the study period, in line with data previously published in Switzerland on urinary and bloodstream infections [7] . Similarly, we observed the highest incidence and yearly increase in the age group of over 65 years and in males.
Interestingly, we described similar proportions of resistant isolates and increases over time between the samples collected at hospitals and those from outpatient clinics, whereas previously in Switzerland a statistically significantly higher increase was observed in inpatients, confirming the concerns over the risk of community-acquired resistance to 3rd-generation cephalosporins and its implications for the empirical treatment of severe infections and infection control, even in a Swiss context [18] .
For cotrimoxazole we observed a slight decrease in the proportion of resistant E. coli isolates from 2009 to 2016, from 23% to 21.3%. This probably reflects decreased use of cotrimoxazole because of concerns about the proportions of resistant isolates being >20% (mentioned -albeit somewhat arbitrarily -as the cut-off for recommending against using cotrimoxazole empirically for UTI) [9] . It is interesting to note that before 2009 resistance to cotrimoxazole probably increased, as reported in a single-cen-tre Swiss study that described an increase in cotrimoxazole resistance between 1997 and 2007 [5, 18] .
K. pneumoniae and P. mirabilis accounted for less than 20% of all isolates and both had high proportions of isolates resistant to nitrofurantoin and fosfomycin, making them suboptimal options for treating infections caused by these pathogens. Third-generation cephalosporins and quinolones retained high intrinsic activity (>85-90% susceptibility in both pathogens and for both drugs).
The main strength of this study is that it is based on a large database of urinary samples from both the hospital and community settings (even though we acknowledge that the study population only covers 70% of annual hospitalisation days and 30% of Swiss practitioners). However, we also acknowledge its limitations. Firstly, we do not have clinical information linked to the isolates (including previous antibiotic use and the fact that we could not establish if these were asymptomatic bacteriuria, complicated or uncomplicated UTI) and so it is likely that, especially in the outpatient setting, the samples that were sent for testing were those of patients with recurrent infections or treatment failure. This could lead to a possible overestimation of the real incidence of resistance [19] . Secondly, most laboratories in Switzerland transitioned from CLSI to EUCAST, so changes in the proportion of resistant isolates may be in part the consequence of a change in the cut-offs used to distinguish between susceptible and resistant isolates (even though, as shown in Table 1 , in all cases where the cut-off was changed, the minimum inhibitory concentration was lowered even though the proportion of resistant isolates increased or decreased, depending on the pathogen). This aspect likely explains the important increase in the susceptibility of K. pneumoniae isolates to fosfomycin between 2009 and 2016. Furthermore, we do not have complete information on the trends of antibiotic use for UTI in Switzerland between 2009 and 2016, making it impossible to draw conclusions about the possible impact of the most recent guidelines on the described proportions of antibiotic-resistant isolates. This represents an important limitation, since it has been proven, for example, that antibiotic use for various types of infections (including UTIs) is associated with the emergence and selection of resistance at the individual level, with consequent possible implications on the ecological level (i.e. community, regional and country levels) [21, 22] .
Even though Switzerland has a relatively low antibiotic consumption in both inpatient and outpatient settings compared to other European countries (10.7 DDD/1000 inhabitants in the outpatient setting in 2017 versus 21.8 DDD/ 1000 inhabitants in the European Union (EU) in the same year, and 60 DDD/100 bed-days in Swiss hospitals), some antibiotic classes (such as quinolones) are probably overused and we believe the findings of this study highlight the potential to reduce inappropriate antibiotic use and to standardise UTI treatment in Switzerland.
For example, in light of these findings, the use of cotrimoxazole as a first-line agent for lower UTI (even though overall resistance for E. coli exceeds 20%) must be reconsidered (and it is indeed suggested as an option in the 2014 Swiss guidelines). As mentioned in the IDSA guidelines [9] , the threshold of 20% as the resistance prevalence at which the agent is no longer recommended is based on expert opinion derived from clinical, in vitro and mathematical modelling studies. It is important to remember that cystitis is mostly a self-limited condition and 25-42% of women may resolve spontaneously [23] , that surveillance data tend to overestimate resistance (because cultures are often requested for more severe or unresponsive cases) and that urinary concentrations of certain antibiotics (including cotrimoxazole) may be higher than those achieved in the serum with equivalent doses (and susceptibility breakpoints are based on achievable serum and not urine concentrations) [24] . All these arguments support the attitude that cotrimoxazole can be reconsidered.
To conclude we observed an increase over time in resistance in urinary isolates for antibiotic classes such as quinolones (for all three described pathogens, highlighting the need for antibiotic stewardship) and 3rd-and 4th-generation cephalosporins (for E. coli and K. pneumoniae). We confirmed the high levels of susceptibility to nitrofurantoin and fosfomycin among E. coli isolates (but not among K. pneumoniae or P. mirabilis isolates, making them good options for the empiric treatment of uncomplicated lower UTI, since E. coli is by far the most common causative pathogen). The proportion of cotrimoxazole-resistant isolates decreased for all isolates but remained >20% for E. coli and P. mirabilis in all settings. Although we did not comment in our discussion on the impact of antibiotic use in animals on the selection for bacteria resistant to the antibiotics used in humans, we acknowledge that in order to combat antimicrobial resistance in gram-negative bacteria, a holistic and multisectoral approach (referred to as One Health) is important.
The preliminary results of this study were presented as a poster presentation (P11529) at the 26th European Congress of Clinical Microbiology and Infectious Diseases (ECCMID); 9-12 April 2016; Amsterdam, The Netherlands.
